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Transfusionn of homologous blood products contains several disadvantages, 

suchh as transmission of infectious diseases (HIV, hepatitis), 

immunomodulation,, hemolytic transfusion reactions, and transfusion-related 

acutee lung injury. A technique, which can be used to delay or omit the need 

forr transfusion of red blood cells in a patient, is acute normovolemic 

hemodilution.. Preoperatively (acute), a volume of blood is withdrawn and 

replacedd with a similar volume (normovolemic) of plasma replacing fluid. 

Noww the diluted blood contains less red blood cells, resulting in a decreased 

losss of red blood cells in case of blood loss. A general introduction in the 

practicee of blood transfusion and hemodilution is given in chapter 1. 

Inn chapter 2, the general physiologic response of the body to acute 

normovolemicc hemodilution is described and an overview is presented of 

techniquess that can be used to monitor the (effects of) changes in 02 delivery 

(DO2)) and consumption (VO2) in the body during hemodilution. 

Itt is generally assumed that the oxygenation of the body is preserved 

duringg moderate normovolemic hemodilution. However, it is not clear what 

happenss on a regional level. In chapter 3, the effects of moderate 

hemodilutionn on the intestinal microvascular PO2 (uP02) and mesenteric 

venouss P02 were determined in a rat model. During a decrease in hematocrit 

(Ht)) from 45 to 25 %, the intestinal blood flow did not increase, resulting in 

aa decrease in intestinal D02. Due to an increase in 02 extraction, not only the 

intestinall  V02, but the intestinal uP02 remained unaffected as well. This 

observationn might be explained by the notion that hemodilution induces 

recruitmentt of capillaries, resulting in redistribution of the intestinal blood 

floww in favor of the microcirculation and allowing a more efficient extraction 

of02. . 
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Whenn the D02 falls below a critical point, the compensatory mechanisms 

becomee insufficient and VO2 becomes dependent on supply. In chapter 4, 

criticall  values for the Ht and the intestinal DO2 were determined, below 

whichh the intestinal V02 and uP02 in the rat could not be preserved by 

regulatoryy mechanisms during hemodilution. At similar critical values for 

bothh the Ht and intestinal DO?, the intestinal VO2 and uP02 started to fall, 

indicatingg that these parameters were limited by the decreased D02 at the 

samee time; below this critical point a significant correlation between the 

intestinall  uP02 and V02 could be demonstrated. At the same stage of 

hemodilution,, the intestinal uP02 decreased below the mesenteric venous 

PO?,, suggesting that beyond this critical level 02 was shunted from the 

intestinall  microcirculation. 

Partt of the physiologic response to hemodilution is redistribution of the 

022 supply in favor of vital organs such as the brain and the heart. To test the 

functionall  consequences of this compensatory mechanism on local 

oxygenation,, in chapter 5 the uP02 was measured in the intestines, the 

kidney,, and the heart of the rat during severe hemodilution. The uP02 

measurementss in these organs did not respond uniformly: the renal uP02 

startedd to decrease at a Ht level of  39 %, the intestinal uP02 started to 

decreasee at a Ht  17 % and the cardiac uP02 decreased at a Ht of  9 %. 

Thesee observations indicate that the regulation of local microvascular 

oxygenationn during isovolemic hemodilution is specific for each organ 

system. . 

However,, these findings do not allow for conclusions on the possibility of 

differentt critical levels of hemodilution for the 02 supply to different organs. 

Thee comparison of such critical levels for both microvascular oxygenation 

andd V02 of different organs could provide more insight into the functional 

effectss of the redistribution of cardiac output and 02 supply on regional 

oxygenation.. In chapter 6, systemic, intestinal, and cerebral oxygenation 

parameterss were related to uP02 measurements in the cerebral cortex, and 
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thee intestinal mucosa and serosa during hemodilution in a pig model. 

Redistributionn of the systemic D02 in favor of organs with lower 02 

extractionn capacity (i.e., the brain) resulted in similar critical levels of 

hemodilutionn for the intestines, the brain, and the whole body. Redistribution 

off  the D02 within the intestines might have resulted in the observed 

preservationn of intestinal V02 and mucosal uP02, as compared to the serosal 

uP02.. During 02 supply dependency, ventilation with 100 % 02 had no 

beneficiall  effect on systemic or regional V02. 

Thesee observations on local oxygenation might be the result of well 

knownn regulatory mechanisms, apparently allowing for a considerable 

degreee of hemodilution. These mechanisms are assumed to be of a general 

nature,, however, in chapter 7, the report is given of a human patient in 

whichh a critical level of hemodilution was reached at a very early stage. This 

patientt suffered from polycythemia due to an erythropoietin producing renal 

tumor.. Acute hemodilution, which started at a Ht of  60 %, was performed 

too decrease blood viscosity preoperatively and to be able to avoid 

homologouss blood transfusion in case of severe blood loss. During 

hemodilution,, the 02 extraction of the tissues did not increase despite a 

decreasee in D02. At a Ht of  30 %, signs of cardiac ischemia were detected 

andd autologous blood was administered, resulting in normalization of the 

ischemicc abnormalities on the ECG. This observation was explained by 

continuouss shunting of 02 from the tissues, most probably induced by the 

statee of chronic polycythemia, and leading to inadequate tissue oxygenation 

att moderately decreased Ht levels. 

Duee to the technique of acute normovolemic hemodilution performed in 

thiss patient, transfusion of homologous blood was not necessary. Regarding 

homologouss blood transfusions, it has been suggested that the reduced 

efficacyy of red blood cell transfusion is caused by aging processes within the 

redd blood cells and the medium in which they are stored. In chapter 8, this 

hypothesiss was tested by comparing the effect of resuscitation with old vs. 
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freshh erythrocytes on intestinal uP02 and V02 during hemorrhagic shock in 

aa rat model. In contrast to the use of slightly less deformable old RBCs, the 

usee of extremely rigid old RBCs did not improve intestinal V02. 

Microvascularr P02 was only restored with transfusion of the fresh RBCs. 

Thesee results indicate that transfusion of stored RBCs impairs the 

microcirculatoryy oxygenation, probably due to storage-induced changes, but 

doess not significantly impair tissue V02. 
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